Few, if any, other areas of imaging require the high spatial, temporal, and contrast resolutions that are needed for coronary arteriography. For two decades 35 mm cineangiography has fulfilled these requirements and has been regarded as the "gold standard" for the investigation of coronary artery disease; but despite its many advantages cine film has some drawbacks. Satisfactory film processing requires very careful attention to detail and is generally carried out after procedures are completed (a particular problem in some interventional procedures). Storage offilm can occupy considerable space, contrast medium and radiation dosages are relatively high, and, above all, no quantitative analysis or image manipulation is possible. Digital angiography was being developed as early as 1975' and is now well established in non-cardiac angiography. Cine angiography, however, remained unchallenged as the imaging technique of choice for coronary artery studies right through the early development period of digital angiography whose potential for coronary imaging has only been recognised within the past few years. Early experience Early studies with digital subtraction imaging of intravenous left ventriculography (IV-DSA) and low volume intra-arterial ventriculography (IA-DSA) showed that it was possible to obtain satisfactory quality ventriculograms without the arrhythmias that often degrade conventional ventriculograms. Quantification ofright and left ventricular function (by either edge detection methods or videodensitometry) was easier than with cine film. Regional wall motion analysis was achieved with better spatial resolution than with radionuclide ventriculography. Digital angiography made it possible to perform exercise ventriculography by either IV-DSA or low volume IA-DSA with better spatial resolution than with radionuclide ventriculography. 9 10 Current experience Recent developments in digital cardiac imaging have been dramatic. Pulsed imaging using more advantageous radiographic factors has led to greatly improved signal to noise ratios, elimination of motion artefact, easier mask mode subtraction (especially with ECG advancement of the mask), and has been accompanied by improvements in image intensifier performance and optimisation of the television chain for digital rather than analogue image acquisition. Pulsed acquisition improves the signal to noise ratio by reducing the quantum mottle, which is particularly obvious with the high contrast resolution of digital systems. The intrinsic spatial resolution of a new caesium iodide image intensifier is typically 4-5 line pairs/mm but this can deteriorate to as low as 2 line pairs/mm over time. This compares with a resolution of about 2 line pairs/mm for a 5122 matrix on a 17 cm image intensifier. Although this spatial resolution may be inferior to that of cine film, the greater contrast sensitivity compensates for the poorer spatial resolution so that the overall perceived resolution, which contains the diagnostic information, is similar or better than for conventional cine studies. Commercially available cardiac digital systems commonly offer acquisition on a 5122 matrix at 25 frames per second. 10242 matrices are now available, although with lower frame rates. Although the denser matrix has a resolution approaching that of the best image intensifiers it is not clear whether this produces more diagnostic information. The use of a 10242 matrix does require the use of a higher radiation dose to reduce the effect of quantum mottle and produces four times more data for storage than a 5122 matrix, typically limiting image acquisition to 6 frames per second. Biplane studies can be recorded on digital imaging but if the computer shares its function between two planes, the frame rate of each will be halved. It has now been shown in several studies that digital coronary imaging compares very favourably with cine imaging in fulfilling the exacting demands of coronary arteriography." 12 Improvements in computer design allow the acquisition and processing of huge quantities of data. Less than 10 years ago the best systems could only acquire data at 8 frames per second (5122 matrix) with a maximum of 300 images being stored on the hard disc (37 seconds or about half of one complete examination). Image analysis and selection for archiving (to analogue video tape or sheet film) had to be done during the examination and had to be completed before the next patient could be examined. ventricular function and stenosis estimation can be recorded on a video cassette or hard copy imager such as a laser imager. At present there is still no generally available, cheap, and convenient method of recording and displaying the digital data for routine clinical viewing, but newer forms of data storage will become available to overcome these problems. The decisions in selecting a new digital system will be many, but one of the most important will be the mode of image storage and the display that best suits the working patterns of individual departments.
Radiation dosage for both patient and staffcan be reduced by the use of digital imaging but such reductions may not be substantial if image quality is to be maintained. High quality images still require high doses of radiation to produce sufficient image detail (reduce quantum mottle) and it is not primarily in the radiation dose per frame that reductions are easiest to achieve, though some reduction is possible. Important radiation dose reduction in coronary arteriography has been shown in some systems by the use of "gap-filling" techniques in which the x ray pulse rate can be halved (for example from 25 to 12 1/2 frames per second) but each frame is digitally duplicated. This eliminates flicker but still allows high quality diagnostic images to be presented smoothly to the viewer. This technique halves radiation doses. In an analogous fashion, digital pulsed fluoroscopy systems can also reduce radiation doses. The capital cost of a new digital system is a little greater than for a conventional system but the difference is getting smaller. There are savings to be made with digital systems, particularly in running costs. Expensive cine film and processing equipment is eliminated as well as the stafftime taken to do this. Contrast medium volumes or concentrations can be reduced too. Finally the speed of procedures can be increased because instant high quality images are available for review; this is particularly relevant to interventional work.
Conclusion
For a long time there has been doubt about whether the practical problems of digital angiocardiography, particularly those related to resolution and to image storage and review, have been overcome sufficiently to make it worth taking the major step from a cine to a digital department. With the currently available digital equipment which can acquire images of equal or better quality than cine film and store them with increasing ease, it seems that the case for going digital is now overwhelming and this will soon be the "gold standard" 
